INTRODUCTION
During the past decade, a large number of single SNPs have been annotated in public and private databases. Owing to the tremendous amount of information available, low-cost genotyping methods have been developed to provide researchers with the ability to read genome information. The main applied objective is to determine the role of genetic variations in the development of human diseases and to predict drug inefficiency among patients. As each population usually harbors a different genetic background, structural geneticists face enormous work during the following decades. Many different genotyping technologies have been developed, based on mass spectrometry (i.e., MALDI-TOF 1 ), fluorescence (i.e., FRET-based methods 2, 3 ) or luminescence (i.e., Pyrosequencing 4 ). Selection of the most appropriate genotyping platform will depend on the specific requirements of each project, taking into account the relative sensitivities and throughputs of the available methods [1] [2] [3] [4] .
Since its first publication in 1998, Pyrosequencing has significantly changed structural genomics 4 . Pyrosequencing is a real-time sequencing technique based on the detection of released pyrophosphate during DNA elongation. This procedure starts once the PCR products are converted into single-stranded DNA (ssDNA) fragments and one strand is isolated (usually through labeling with biotin) for use as template in the Pyrosequencing reaction. Then, a sequencing primer is incorporated into the reaction and a specific nucleotide is dispensed. When pyrophosphate molecules are released upon incorporation of the nucleotide in the elongating strand, ATP-sulfurylase converts it to ATP, thus providing the energy for luciferase to generate visible light peaks that can be recorded using an LCC camera 5 . The molecular basis of the Pyrosequencing reaction is illustrated in Figure 1 . The presence of Apyrase in the reaction eliminates the excess of nucleotides, leaving the media prepared for the addition of a second nucleotide. With this technology, researchers are capable of reading up to 100 nucleotides of a DNA fragment in a quantitative manner. Recently, the reading and assembly of tens of thousands of simultaneous Pyrosequencing reactions has been reported to sequence up to 20 Mb on every single run 6 . Given the linear correlation between the nucleotides incorporated and the light emitted, Pyrosequencing can also be used to calculate allele frequencies in DNA pools 7 , and has been extremely helpful in performing allele quantification assays, analyzing regions undergoing loss of heterozygosity 8, 9 .
Pyrosequencing has been compared with other SNP genotyping platforms such as single-stranded conformation assays or 5¢ nuclease (Taqman) assays, obtaining reliable results at reasonable costs per genotype [10] [11] [12] . However, to generate the ssDNA, one of each primer pair must be labeled on its 5¢ site (typically with biotin). Depending on the number of SNPs under study and the sample size, the costs per assay may significantly increase. Some authors have previously proposed the use of an indirect labeling protocol 13, 14 . For instance, Pacey-Miller and Henry 14 developed a protocol using a primer with an 11-base GC tag; this is used in a first PCR round and then is targeted in a second PCR employing a GC tag-specific biotinylated primer. The inefficiency of these threeprimer PCRs, however, necessitated the use of a post-PCR-labeling step, reducing the flexibility of the technique 13 . Other examples showing different alternatives to generate single-stranded PCR products in a feasible fashion also exist, using different tags [15] [16] [17] [18] . For example, Groth et al. 16 developed a method that uses a ligation of the amplicon into a plasmid vector, thereby facilitating subsequent PCR using a universal vector-specific biotinylated primer. However, no systematic comparison has been performed yet using the different indirect labeling protocols available; thus, no rigorous conclusion regarding the best tag of choice can currently be drawn. In our experience, the M13 sequence has been traditionally used in our laboratory as a 5¢ primer tag for direct sequencing and enzymatic mutation detection. For this reason, the M13 sequence was our tag of choice. However, it must be stated that if the region containing the SNP of interest exhibits any structural incompatibility with the M13 sequence, researchers should consider either changing the tag or ordering the directly labeled primer. Here we describe a simple alternative to generate labeled PCR products using M13-tagged primers and a unique M13 biotinylated primer that is incorporated during the PCR, which was originally presented in ref. 19 . We have found that setting up the primer stoichiometry can be easily performed, which may be useful for some researchers, as the implementation of this protocol makes unnecessary the use of several biotinylated primers 19 .
Experimental design Primer design. The goal of this procedure is to allow the incorporation of an M13 biotinylated primer in the PCR fragment while the amplification takes place. This is accomplished by adding the M13 sequence (5¢-CGCCAGGGTTTTCCCAGTCACGAC-3¢) at the 5¢ site of one of the amplification primers. A biotinylated M13 primer is also then included in the reaction, which will match its complementary sequence in the amplification primer and so will be incorporated into the PCR product during the amplification reaction. A diagrammatic representation of the entire procedure can be seen in Figure 2 .
Optimization of primer stoichiometry. It must be stated that the addition of a third primer (in our case, the M13 biotinylated one) in a PCR may interfere with the PCR. Therefore, the key to this process is to determine the adequate primer ratios, to obtain sufficient labeled amplicon yield. This is performed in two steps. First, it is necessary to set up and optimize the PCR without the biotinylated primer, during which we fix the concentration of the amplification primers (between 0.2 and 0.5 mM each). This greatly simplifies the setting up of the labeling reaction. Once these parameters are defined, four decreasing amounts of the biotinylated M13 primer are tested. The right ratio will therefore be empirically determined, and this will depend on the PCR annealing temperature and the Mg 2+ content. Thus, with an adjusted primer stoichiometry, we can standardize the labeling of every amplicon with a unique biotinylated universal primer.
MATERIALS

REAGENTS
. Biotinylated M13 primer (biotin-CGCCAGGGTTTTCCCAGTCACGAC-3¢) . Forward and reverse PCR-amplification primers and sequencing primers (Sigma-Genosis) m CRITICAL Note that one of the amplification primers must be designed with the M13 sequence at the 5¢ end (see Experimental design). Remember that the M13-tagged primer will define the strand complementary to the sequencing primer. . 5| Analyze the entire volume of the PCR product in an agarose gel stained with ethidium bromide (or use another standard DNA visualization method) to check that a single product of the expected size is obtained. m CRITICAL STEP If nonspecific amplicons also result from the PCR, further optimization of PCR conditions is required, by testing either different primer-annealing temperatures or Mg 2+ concentrations.
6|
Once the PCR amplification of the target DNA is optimized, empirically determine the correct primer stoichiometry with which to label the PCR product with biotin during amplification using the universal biotinylated M13 primer, by preparing four PCR tubes according to Step 3. Also include universal biotinylated M13 primer at the following decreasing concentrations, one concentration per tube: 0.5, 0.375, 0.25, 0.125 mM. m CRITICAL STEP Keep identical final volume and salt concentrations.
7| Run the PCR as in Step 4.
' PAUSE POINT Biotinylated PCR products can be stored at 4 1C overnight or at -20 1C for a week.
8|
To assess which concentration of universal biotinylated M13 primer is optimal for use with a particular amplification primer set, use the PCR products obtained in Step 7 as template for Pyrosequencing assays, following the procedure detailed below Figure 2 | Diagram of the entire Pyrosequencing protocol using a universal biotinylated M13 primer. (a) The PCR involves three primers: two amplification primers (forward and reverse) that are specific to the sequence of interest, one of which (in this case the forward primer) is tagged with the M13 sequence and a biotinylated M13 primer. (b) During the PCR, the M13 tail is incorporated into the amplicon sequence. Consequently, the biotinylated M13 primer can anneal to its complementary sequence and be extended, thus labeling the amplicon with biotin. (c) The ratio of labeled and unlabeled amplicons will mainly depend on (i) the stoichiometry of the reaction, (ii) the annealing temperature and (iii) the salt concentration. (d) Biotin-labeled amplicons are captured by binding to streptavidin-coated Sepharose beads, and DNA is denatured to produce ssDNA template for the Pyrosequencing assay. (e) Finally, the ssDNA is released and is combined with the sequencing primer, which is extended during the Pyrosequencing reaction to provide the sequence of the template DNA; the sequential incorporation of every nucleotide is converted to light, which is detected by the PSQ 96 instrument, enabling the sequence of the template strand to be determined and SNPs to be genotyped. (f) Pyrosequencing data are produced in the form of pyrograms, and genotypes are assigned by Pyrosequencing software, as shown here for the three possible genotypes of the human CAV-1 rs3807990 T/C SNP.
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(Steps 10-29). The optimal concentration of universal biotinylated M13 primer will result in the PSQ software directly giving a genotype without any further analysis. m CRITICAL STEP Steps 1-8 need to be undertaken only the first time a new primer set is used in order to optimize the conditions for PCR product amplification and labeling. Once optimal PCR components and conditions have been determined using these steps, the procedure can just be followed from Step 9 onwards to use the optimized assay on experimental samples.
PCR amplification of Pyrosequencing template 9|
Once the optimal PCR components and conditions for an assay have been established (using Steps 1-8), the PCR amplification of Pyrosequencing template is carried out by following just Steps 3 (including also biotinylated M13 primer at the optimal concentration as determined by Steps 6-8) and 4. It is highly recommended to include an additional sample without DNA template that will act as a negative control.
Sequencing primer annealing plate preparation 10| Prepare a PSQ 96 plate by adding 0.4 mM sequencing primer in 40 ml annealing buffer per well, one for each sample to be tested.
Immobilization of PCR product to streptavidin beads 11| Before starting, let the buffers reach room temperature (22-24 1C).
12|
Transfer the required total amount of streptavidin Sepharose beads (3 ml per sample) to a tube, together with 37 ml of binding buffer (per sample).
13| Add high-purity water to the PCR samples to a final volume of 40 ml and transfer each sample to a well of a 96-well PCR plate (if PCRs were prepared in separate tubes).
14| Add an equal volume of the mixture of binding buffer and streptavidin Sepharose beads (from Step 12) to each PCR sample from
Step 13 (final volume of 80 ml per well). Seal the plate.
15|
To allow biotinylated PCR product capture on streptavidin-coated beads, shake the mixture constantly at 800-1,000 r.p.m. for 10 min at room temperature. m CRITICAL STEP Weak mixing may lead to bead sedimentation and reduce PCR product binding.
Preparation of single-stranded Pyrosequencing template DNA 16| Place the Vacuum Prep Tool in a water trough. Connect the vacuum pump and switch on the vacuum and let the water flush through the filters for 20 s.
17| Remove the PCR plate from the shaker and capture the beads containing immobilized templates on the filter probes by lowering the Vacuum Prep Tool into the PCR plate. m CRITICAL STEP Beads sediment quickly, so this step must be carried out immediately after the plate is removed from the shaker. 22| Switch off the vacuum pump, then place the Vacuum Prep Tool into the wells of the PSQ 96 plate (prepared in Step 10) . m CRITICAL STEP Make sure to switch off the pump before lowering the Vacuum Prep Tool into the wells, because if the pump is still on, it will aspirate the annealing buffer and the sequencing primer.
23| Shake the Vacuum Prep Tool and let the filters rest for a few seconds on the bottom of the wells while the beads are released.
24|
Move the Vacuum Prep Tool to the water trough to wash the filters. 28| Start the run.
29|
Pyrograms are produced and genotypes are assigned to each sample at the end of the run by the Pyrosequencing software, which compares the obtained patterns of nucleotide addition to those expected for each of the theoretical genotypes for a certain target sequence containing the mutation of interest (known as the 'sequence to analyze'), which is entered into the software to set up the Pyrosequencing assay (see Fig. 3 Table 1 .
ANTICIPATED RESULTS
We have found that typical results are obtained using 0.125-0.25 mM of the biotinylated M13 primer for those PCRs with annealing temperatures between 58 and 64 1C. However, the effect of the different primer stoichiometries on the pyrograms produced must be analyzed carefully to determine the optimal primer stoichiometry. If the annealing temperature is Increase the PCR stringency significantly higher (i.e., 68 1C), an adequate labeling will probably require 0.5 mM of biotinylated M13 primer 19 . In Figure 3 , we show the pyrograms obtained from two independent mutations (rs11575899 and rs2975760), using indirect M13 tags and the indirect labeling process. 
